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Abstract 
Using a scanning Hall-probe microscopy, we have investigated in-plane distribution of critical current 
density in TFA-MOD processed YBCO coated conductors. We compared the distributions of critical 
current density for two kinds of coated conductors processed with different directions of gas flow at the 
calcinations. As a result, it was found that the direction of the gas flow largely influenced the distribution 
of critical current density. For example, the maximum value of critical current density was 1.5 times 
higher than the average for a sample processed with a gas flow in width direction. On the other hand, the 
distribution of critical current density was relatively uniform for the one with a gas flow in axial direction 
perpendicular to the surface of the conductor. These findings will be very important information for the 
optimization of the manufacturer processes for the conductors. Actually, a very uniform distribution of 
critical current density has been observed for a coated conductor produced by an optimized process. This 
demonstrates a high potential of TFA-MOD processed YBCO coated conductors for practical 
applications. 
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1. Introduction 
A large number of fabrication processes for high critical temperature (Tc) RE-123 (RE denotes 
Rare Earth element: Y, Sm, Gd etc.) coated conductors (CCs) have been reported. For example, even for 
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the deposition process for a superconducting layer, at least the following four processes have been 
conducted: Pulse Laser Deposition (PLD) process, Metal Organic Deposition (MOD) process, Metal 
Organic Chemical Vapor Deposition (MOCVD) process, and Reactive Co-Evaporation (RCE). Especially, 
a trifluoroacetates (TFA) - MOD (TFA-MOD) process has been expected as a promising process to 
fabricate high-performance CCs with low production cost due to a simple process using non-vacuum 
equipments and high material yields [1]-[3]. On the other hand, enhancement of critical currents and 
homogenization of the critical current distribution in the CCs by optimization of the fabrication process is 
an important subject to be investigated for practical applications. Until now, we have used several 
different characterization techniques including spatially resolved measurements of flux flow dissipation 
and current distributions [4]-[6]. It is extremely necessary and useful for CC fabrication to obtain such 
information about the spatial distributions of the superconductive properties. These distributions (non-
uniformity) are, in general, caused by difference in type and dispersion of the defects and by the 
inhomogeneity in quality of the superconducting phase crystals. This means that it is indispensable to 
understand the locations of the defects and their influence on the critical current for improving the 
performance of CCs. For that, it will be helpful to characterize in-plane distribution of critical current 
density in CCs in a non-destructive manner. In this study, using a non-contact and non-destructive 
evaluation method by means of scanning Hall-probe microscopy (SHPM), we investigated the influence 
on in-plane (2D) critical current density, Jc, distribution of the TFA-MOD processed Y1Ba2Cu3O7-δ 
(YBCO) CCs by the direction of the gas flow in the fabrication process. 
2. Experimental  and materials  
The SHPM system was cooled by thermal conduction from the LN2 tank. A sample was placed on 
the bore of the coil, and was cooled together with the coil. In this system, a typical temperature was 
controlled to be 79 K. A Hall probe was fixed on a head of a triaxial stage and scanned by a stepping 
motor. The active area of the Hall sensor is 50 μmh50 μm and the spatial resolutions of the stage are 1 
μm in the xy-plane and 0.25 μm in the z-axis. External magnetic fields were applied to the sample, and 
then magnetic field distribution around the sample was measured by scanning the Hall probe sensor. The 
measurement was carried out when external magnetic fields were applied to the sample, and then done 
when the external fields were removed after that, i.e., remnant magnetic fields. The in-plane distributions 
of current densities, i.e., sheet current densities, J, could be estimated from the corresponding 
distributions of measured magnetic fields, Bz, by considering an inverse problem of Biot-Savart law [7]-[9]. 
The thickness of the superconducting layer is 1 μm and then the aspect ratio of the width/thickness is high. 
Therefore, sheet current could be reasonably assumed for the measured results [6]. In our previous study, 
we obtained a good agreement between the theoretical and the experimental results. This agreement was 
confirmed in the relationships of distance from the superconductive layer to the Hall-probe sensor and the 
magnetic fields on the plane (Bĵtape: Bz) [6]. This distance between the superconductive layer and the 
Hall-probe sensor is called as “lift-off”. In the present measurements, we adopt the lift-off distance with a 
few hundred micrometers. When sufficiently high external magnetic fields were applied to the sample, 
the shielding currents should flow at their Jc in almost all the regions in the sample on the assumption of 
critical state model. Similarly, when we remove the external magnetic fields after applying sufficient 
magnetic fields, the loop currents should trap the remnant magnetic fields at Jc. This is the principle of the 
visualization of the Jc distribution in the sample. In this study, we measured two different kinds of CCs 
for which the gas (Low oxygen gas including humid vapour) flow directions were different in the 
crystallization process: a CC fabricated where the gas flow was parallel for CC width direction (parallel 
flow CC) and a CC fabricated where gas flow was vertical to CC surface (vertical flow CC) [10].  
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3. Results 
We could obtain the 2D distribution of Bz, that is, the perpendicular component of the field at the 
position of the lift-off distance from the superconductive layer by 2D scanning of the Hall sensor. The 
measurement was carried out when the external fields were removed after the application of the 
sufficiently high ones, i.e., the remnant magnetic fields. The critical current distribution in the CCs could 
be estimated by conversion from the 2D magnetic field distribution based on the Biot-Savart law [5]-[9]. 
We compared the current distributions for two different 1cm-wide YBCO CCs: parallel flow CC (; the 
gas flows from the upper side of CC towards lower part side like ω to show in an amplitude of sheet 
current, J, of Fig.1; sapmle A) and vertical flow CC (sample B) fabricated by the TFA-MOD processes. 
Fig. 1 shows a set of visualized results from SHPM: 2D distributions of the measured magnetic fields and 
the corresponding distributions of sheet current densities at the remnant magnetic fields after the 
application of 105 mT which was much larger than the penetration field. As a result, we could confirm 
that the sample A exhibits a asymmetric distribution in the width direction and relative homogeneity in 
the longitudinal direction for the measured magnetic fields and the corresponding distribution of sheet 
current densities. On the other hand, sample B shows more symmetric than sample A in the width 
direction for the visualized magnetic field and distribution of sheet current densities. This result indicates 
a possibility of of local high Jc for the sample A and good symmetry for the sample B.  
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Fig.1 Comparison of 2D distributions of perpendicular component of the remanent field, Bz, measured by 
SHPM, longitudinal component of sheet current, Jx, transverse component of sheet current, Jy, and 
amplitude of sheet current, J, for the difference of the direction of the gas flow in the crystallization 
process (sample A: parallel flow CC, sample B: vertical flow CC). 
Fig.2 Distribution of sheet current density, J at a longirudinal position for the difference of the direction 
of the gas flow at annealing (sample A: parallel flow CC, sample B: vertical flow CC). 
 
Figure 2 shows the width distribution of the sheet current density, J at the position shown by the 
arrow. The result of sample A has a part which has J as high as approximately 1.5 times of the mean 
value. On the other hand, sample B has better symmetry than sample A. These results correspond to the 
former results. From these results, we found a optimized CC by the TFA-MOD process. The 2D 
distribution of the YBCO CC fabricated by the optimized TFA-MOD process was measured, and the 
results were presented in Fig.3. From the result of Fig. 3, we could confirm that this CC exhibit a typical 
rooftop-like distribution of magnetic field and the corresponding uniform distribution of sheet current 
densities. 
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Fig.3 2D distributions of the measured magnetic fields and sheet current densities of the YBCO coated 
conductor sample fabricated by the optimized TFA-MOD process. 
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4. Conclusions 
In this study, we investigated the local critical currents in the TFA-MOD processed YBCO coated 
conductors by scanning Hall-probe microscopy that is a non-contact and non-destructive evaluation 
method, and we compared the results by the difference in the gas flow directions in the fabrication 
process of coated conductor. We could successfully visualize the in-plane distribution of the local critical 
current densities. As a result, it was found that local high Jc was obtained with a parallel gas flow in the 
process and a good symmetry with a vertical gas flow. Based on these insights, we could successfully 
fabricate an optimized TFA-MOD processed coated conductor which had superior Jc uniformity in both 
width and longitudinal directions. These findings will be helpful for the homogenization of the properties 
of coated conductors, i.e., using SHPM will be effective for the optimization of the process conditions to 
manufacturing of coated conductors. 
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